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! a- .major factor in. the Matidh's energy siipf^ 



t© become: a- .rtajdr factor in. the Natidh' s er^rgy sup^y^ 
- " will depend to..a: great axten^t : on:; the N.atioT^ . y 

^; public* The more' ipfp^medvGorisuit^e3;s are abou:^ their- . 

phoices in the marketplace^ the -greater 'tiXf^ikelihood^^^^ /• 
^>*i:hat solar man-^facturets "will compete" lOvaiT subs t^ncer^^^^ 

when manuf acturprs corap^'^e in that f as^^ipn the bas.e^i^ ' ; 
' ' laid for ^olid 'growth^ / The country needs -^^o have this ^ 
SQlid folar grow.th as well as growth^in other alter,nat4 
ehergy ^Y^J^^s if our'^ Nation is t^^^fiecorae." energy inde- 
' pendent* /For thQse reasons^ and -because of tK^e consumer's 
own .nai^d nor self-protec<ti'on , it is important that the / 
consumffir rj&ceive as much'%ccurate informatioA as .possible ■ 
about sbiat systems. I am pleased that the Federal E; 
AdministK^ion "^could ;wofk in partnership with the . pf/lce 
. of Qonsumer Affairs to publish an^ distribute ■'Buying 
^ Splar."/ \ ' ' 




lergy 




FrmxM Z^fb* 
Admiin|is tratdr ' 
Fedetal Energy Administration 




'^The drea^ 6f capturing energy directly from the sun is' almost 
as old afS man himself* Now that day has arrived^ and pennaps 
no .new %nergy technology has captured the imaginatioh of / the 
1^ public^ as 'much as solar has/ 0#yond the excitement ^ of rhe 
technology itself, there are ^ther reasons ,why solar enfe^gy 
has become so papular. It Is % non^olluting , renewable form^ 
of energy that can lead to lowef monthly 'bills ; and if dan 
provide the owner and the country a, degree, of iifidepei^dence 
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from energy Inflation and energy shortages. 



All this enthu^^asm, however, could vanish rapidly y4f 'solar^ 
sy*stems do not ' live' up . to the- public Vs ^ expectation^ , if_ there^ 
a re ^o re di. 4 appointed buyers than, satisfied owners^ of solar 
systems. ThisJls the oyerallj^urpose of this publication^ = to 
^j;ive you^ the reader, 1^ information you need tq^ protect -your = 
self rind to bp'an inf ormed solar buyer . ' / 
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This book Is dtdrcated to the marty ^far plonBors aeKoss thb, co^hfy who irg rniklnfl ' 
th^ bop© of solar ©nergy a pgality to^yr > r ; , ^ , 

By: Jof Dawsoh, Dlraetor, PiibllG Affairs, Offi^ of Consumer Affaira, bfflee of Iwifuels 
Health, idueatldn, and Welfare, ^ ' V 
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Mythnlt's a fuiiJrs tdGhnofogy. 

. Fact! it'fe here and working. : . ■ 

Myth: It onfy wqW^t down south. ' ' \ 
Fact !' M wofkt4W NeHA/ EhgTari ■ ^ ^ ^ 

Mytfi: It's too txpensive for the average homfep.wner. 
Fact: "Some solar systSinls are, ^ome afen-tH 
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S6lar Energy* fpr your home js hel^e. If 
may help you Individuf lly and it^certajnly 
.will htiR, the' Gountry'collactivaly" 

Whether Jt wilj help^lypu individually fn 
termr of producing r%^l savings depends 
upon a nOm^et^^.of ^factorsr including 
^here you live,- the typfe%o> home ya^a> 
have or intend to buMd, the quality Of 
Jnsulatipn in your ^home, ^your present 
energy cdsts, d^d the type of solar sys^. 
iem *yQu intend to purchase^ ^ 

The purpose of this. book is to give you 
mformation on these five factors so that * 
yoUf as an informed custorrler, cjiTi mate 
decisions relatec| to polar space heating * 
and cooling and domestic water heating 
lhat are In, your best interests, .By doing 
so, you, will not pniy be doing |a service ^ 
to ydurself< (but to your fellow cl^ens. 

Thpse who are able to and do use solar 
systems will help our nation save its 
precious fossil fuels. As you' know" from 
reading the headlines, our domes^tic sup- 
plies of oil and - gas; are very "llmlte^. 
There a^e just not enough domestic sup- 
plies available to . meet ' all- o^r future 
needs. And when ^MoWief Nature says 
thafs aJi that's all, The^or^ly ^wayVe cadP 
prevent or de^ay her from uttering thc3e 
fatallsttc words is by starting" t^conserv'^ 
energy now, arjd using, wh&re possiblef^ 
sources of unlimifed energy luch is sol^r 

We. w.oe*t.have to wOFfy^ aboui the sun 
running o'^of energy for another several 
billion year^qr so 



r 



Besides being an almost infinite, source 
of energy, solar has othe^^ advantages as 
weJI. When^we usi "conventional souses 
1o deliver' energy to the home, we have 
serious problems to deal with, from thre 
safe drsposal of r^dioactlv,e wastes to the 

V pollutlonF from* fossil-fueled generating 
plants. With solar, we will still nted these 

^ conventional sources of energy, but we 
won't need as much. Thal^mean^ that we 
qan reduce our^ environmental and^safety^ 
problf ms. ^ ' 

^ i 

Further, .owners of solar, homes nave 
extr^protection against energy inflation 
andt energy'' shortages. When utility costs 
go up, and tNey.will go up. owners of 
solan KoYnes may not 'have to Jace the 
poisibllity of considerably altering their 
^ lifestyles just to pay the utility bill. Cut- 
offs ofj purtailmenls of ^onventldTial fuels 
won't affect the owner of a solar home 
as much "as otheh:\ > - , 

, ^ C ' ' ' ' 

^ith' all^ these' advantages, one might 
*\^onder why aol^ ppwer Is not more de- 
. velqped. There ar&s^any* reasons, but a 
^ prfm§ry one is econdniies^ Until recently, 
it^was Just not economjcal for a^home 

owner to install a ■sola<^^unit when thei'e 

\ if 

were cheap sources of conventional en- 
ergy around. But if^se days are gone 
forever, ^nd now solar becopjiing in- 
c^^easingly competitive, with' electricity 
and^ olL The presfnt'gas cost^advantBge 
ovel' sola? may change in the niar future 
a€ a^rfumbar of experts believe gas vOlll 
Mrlple^n, costs in the next;,few years. J^oo. i 
gas if iH 'such short supply thkt in nrany/ 



'.Wh^n solar #nefgy is mentlgned. the' term is 
generally interpreted by tl^e public to involve ' « 
i solar coliec^or which ^\\\ provide^enep^y to ^ 
the home: Actually, ^lar energy has a brbader. 
Tieaning. It can involve p^otovoltak: eherg^ 
ihe direct copvefSion of sbn's energy jinto 
giectricity; bjoconversion the utilization ^( 
agricultural or mL^Tclpial wastes tti provide 
iuel; ocean thermal '-^^rovfding power by h^r-' 
iessing the temperature difference between 
:he sgrface wat^s and the ocean ^ depths 
^nd. harnessing win.d energy to generate 
povter, and so!aP thermal electric conr^ntra! 
ng the sun s rays to obtain high tempfirflfurps 
irfd lhys^ger>erate electric power ..^ 
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areasj^^is ju^t not available ^r new cus ^ 
torpers. Cpome cuStomefs, in fact, are 
hijVing tneir supplies curtajledl 

Bfcaus^. solar energy has^ot /besa fully 
MAveloped in the past'. It poses 
significant probJ#Ttis for fhe qons 
f^e prfignt. 
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One malh^ obvious drawback is tHa 
consurmer has not had any experience in 
buying solar ^uipmen! What questions 
does 'a potential buyer ask? How carf he 
or she comp'^re competing bmnds*? How 
does g person gpt a unit repaired if it 
qoes fl^ the him.k? What does a person 



do If his neighbor plants a tjree and tHe^ 
t^ee tfirows a long shadow on Qpl* 
lector? , Can the buyer trust^'the s^K's 
claims ^fori'a picticular solar unit? "Wliat 
happens tolhe unit when the owner goes 
on a vacatfon? How cbme there is ho 
* one under "solar" in the Yellow Pafles? 
What^happens if a vandal trtrows t rockt 
at the eollfec^tor? f 

The reader should^ know right away that 
thjs book won't give all the answers to, 
all these questions or eicplain all sy^jfpis, 
because In sorrffe cases, sUch as the im- , 
portant area of solar rights (your guafan- ' 
teed right to acGess^ ,to M\e sun's rays j 
withoyt enaroachment), Uhere ate no 
cpmplete ,answ4irs« today. In other areas, 
suchv.as measuring the efficiency of a 
^gqllector, and'^ evaluating ditferent com- 
ponents, there are a few answers. But 
only an BXperf— a rnechanical ojf an ar= 
chlteetural engineer who has had bacl^ " 
'ground in solar— c^n give them to ^ou.^i^/ 
Ttiji 7s because what Is a "smart" sblaf''*= 
pui^hasfe for one consumec In one area 
rri^y beiB foolish buy^for a consumtr In 
another ^rea. ^ ' s 

■ This book'^^oes not explain to the con= 
suffer all t^ possible eomponfrrts in a 
stegi, nor all the systems available, 
rfther, Jt focuses on somf of the main 
operating com pon eh ts such as^ttie coU 
l^or. ' V V ^ V, 

So^e readeVs rria^. be disappointed that 
observations are not given as to gqpd 
otf bad.b^s. Tjhejeader should rerrrem- ^ 
ber t hat. 1^.. Federal GovernfT\|nt does 
not kno\A^ll the syste/ns avail^le, and ' 
^if several were selected as ■ outstanding, 
itjjvould be urfaLr to those whose prod='^ 
the government does .nqt currently 
know about The government should not 
be in a position of giving atf unfajf com- * 
petitive advantage to^^any manufacturpr. ' 
This policy, while certainly co^ect. un = 
fortunately prevents our saluting many 
important solar piortfeers and manufac- 
turers. . , 
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* / ' . 4 ■ , ■ ■ . 1 . 

^ j •. ■ ' .. . 1 

^i-,V:>^'' ■ • . .. ^ - : 

ABSORBiR, or 'ABSORBER PLATE^ A surface, usually blackened metal, in a solar coN ^ \ = 

■ lictor^whiGh absprBs<iol^r radiation. / ' 

A^SORPtSNCE: the soaking up of heat in a solar collector. Measured as 'percent of . j » \ 

total radiatlor\ available. - \ \ ^ ^ * ' f . ^ \^ 

ACTIVE . spyAR SYSTEM: Any system thpt rteeds rnecharfical means suqh as motors, . 
pumps* valves, etc., to operate, v . « 

AMBIENT TSMPtRATUREr Anoth^ way of saying ho,w cold or how hot'fl Is outdoors. 
BIOCONVERSIONr Utnization of agricultural or municipal waiter ^ ■ \ f ^ 

BRITISH THBRmAl unit ^Btu): A unit ot energy definfd as the amount of energy re= . ^ 

qyiraci to h'eat or^e poOnd of water one degree Fahrenheit, ^ * * ^ ^ - 

COLLECTOR,, or SOLAR COLLECTOR: A devisee for receiving solar radiation and con- - - , 

verting it to heaft. in a fluid. ' ^ . . . ? ■ ^ 

COLLECTOR EFp|CI£NCY: The fraction ofjncoming radiptlon captured by ^ ^ ' . 

]"Sf your system captured half of the incoming radiation, you have a system that is 50 , 

* percent efficient, E/ficiency is Ihe capability of % collector to capture Btu's ui^er vari= 
ous* climatic coDditidns. Efficiehoy' vartes according to outside temperatures, whether - \ , , ? ** 

skies are clear or^*cl.o'udy, whether it is wmdy or not, and, of course, fhe quality of the ^ ^ ^ ^ . 

collefctor. There's nd' way a collector can be 100 pSfcent efficjent; that is, to capture ^ * ' 

all the Btu% that fall on the collector- 55 p^cent is good under desir^Ie weather ^ ' ^ • 

conditions^ * ' \ , ^ ^ , f ' ^ ; ^ , ^ j 

^__COLLECTOR TILT: The angle m^ttsured from tff^ horizontal at which a^.solar heat col^ * .^^k. \ 

4eotor Is tiliad to face the*sljn for better performance, " ' 

. jCONCiNTRATOR: Reflettbr or lens designed to focus a large amount of sgnshlBe into 
a small area, thus increasifig the' tempirature. 

/QpNDUCTIVlTY: T&'ease yvlth which heat will flow through a material determified by; \ 
the materiars physical characteristfcs.^ Copper is an excellent donducfor o^ heat; insu- ^ 
lating materials are- poor conductors. ^ ^ ' % ' 

CQNVECTION: When, two surfaces— one hot, the other cold^are ^separated by a thin 
:_ layer ofjir, moVing air currents (oeJled convection currents) are eitabHshed that c^ry 



orai 
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heat frjm the' hot to the, cold surface, ■ ' ^ . ' f 



iMITTANCE;^A measure of the he#l re-radiated back from the solar collector. Measured^ 
as fraction of the' energy which would be radiate by a totally black sur-fice at the, same 
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temperature, > , ^ - ' , . , 7}. 

FLUID: Any substance such as air, water, or antifreeze used to capture hei.^]n the coj- 
fector. V^^ 
GALVANIC CORROSION: If you have this In your system, you have pro,plBfns. This is 
caused when .different metafs are not isolated properly and a nqui.d f^ofMS^in contact 
with both metals. Th# result is galvanic corrqpion and rgpair bills. * 
- HELIOSTATi A mtrror us^d to reflect the sun's rays into a i^ar coflsctor or furnace. ^ 
HYBRID SOLaR SYSTEM: A system that uses both active and passfve methods' to oper- 
ate (fe.g.t a solar system which uses-.pumps to heat and no^urni^^'coQling to cool). 
INSOLATiONrThe rate of iolas radiation received per unit ar^^. 
IjSLO WATT; One thousanid watts of power; equal to a^ut 1 hprsepower. 
K^LOWATT-HQUR (kWh). The amount of energy efluivalent to 1. "kilowatt of power being 
used Jor 1 hour 3.413 Btu. - i ^ ^ 

LANGLEY; A unit of measurert^ent of insolation. {One iangiey ^uals one gram=calorie 

per ^uare centimeter ) The langley was narked for American astronorjier Samuel P ^ 

Langley. 

^ OCEAN THERMAL; Providing power by harnessing the temperature dtffprBnces bfetween 
the^^surface waters and the ocean depths. . ^ 

PA^^iVE SOLAR SYSTEM; A system that uses gravity, heat flows, evaporation or pther^ 
actS^'Of Mother Naure to ope'rate wifhrujt meahantcal df^vic^s to cnMpct nnri transfer 
energy (i.e , south facing windows) ^ 

PHOTOVOLTAIC: Direc-t conversion of the sun's energy into electricity 
PYRANOMETER: An instrumpnt* for mp.Tsurmg ROiar radiatior^ 
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RADIATION^ Any object that is warmer than its surroundings radiates heat wavei (simi- 
lar to light waves, but invisible) and, thus, emits heat energy. . ^ ^ / ^ 
RiRADiATlON: After ah object his reGeived radiatlon^or is otherwise heated, it pftpn 
rerddiates^eat back,'fienerall^ matte black surfaces are good absorbers and 
*emittsrsof thenmaf radiation while white and metallic surfaces are not, ^ 
aELiCTIVE SURFAOf: A special 'coating sometimes applied to <he absorSfr plate in 
a sgiar collector The selective surface absorbs most of the incoitiing solar energy and 
reradiates very liitle ollt. ' ^ \ ' ' \ 
80LAR CiLL: A device, usually made of silicon, that converts sunlight directly into 
electripal energy. . ^ . , ~ 
^OLAR CONiTANT: The average amouniof solar radiation reaching the. earth's atmos- 
phere per minUtij This is Just under 2 langleys, or 2 gram-caries per square centi- 
meter. This is e^uivalent^o 442.4 Btu/hr/ft^ 1395 watts/m' QrAl395 watts/cm^ ^ 
SOUAp^piGHTSi An unresolved legal issue involving who owns the rightsJo tte sun's 
rays. , _ . ^ ;■• . _ 

SUN TRACKING: Following the sun with a solar collector to make the collector more 
effective. ' / " ' ' ' 

SYSTEM EFFICIENCY: Btu's are lost from the time the sun's rays hit the collector 'to the 
moment (hey are used^tp heat the house or the water supply. The question is how many 
Btu's are used in comparison to the original number coming in. The answer is the-effi- 
Gi^ency, of the whole system. This Is a very Important consideration. 
THERM0BYPHON;^'The principle that makes water circulate automatically between a 
collector and a ^ora^e tank above it, gradually increasing IJs temperature. 



SUNTERMf 

or THERMAL CONDUCTIVITY: A measure jf the ability of a material to permit the 
flow of heaj. It expresses the quantity of heat per hour that will pass through a one- 
square-foot chunk o^ inc'h'thick material when a r F temperature (difference is main- 
tained between jts two surfaces: K is measured in Btu/(hr)(ft')(°F)/foot or inch. 
- ^ measure of the heat flow through a given thickness of material If you know"a 
materiars K, to find its C, divide by the thickness; '^g., 3" thick insulation with a K of 
0.30 has a 0 of 0.10. The lower the K or C, the higher thei/isulating value. < 

or OVERALL COEFFICIENT OF HEAT TRANSMISSION: A measure of tte ability of 
a complete building section (such as a wall) to permit the flow of heat. U is the com- 
bined thermal conduction value of all the materials in a buildmg section, plus air spaces 
and air films. The lower the U, the higher the Insulating value. U Btu/(hr)(ft )( 'F). 
R, or^THfRIVIAL RESISTANCE: A maasure of the ability of a substance to resist the flow 
of heat. R IS simply the mathematical reciprocal of either C W U. Thus. \ 

R ^ 1/Cor R - 1/U / \ 
Insulation products are typically charactenzed by their R values. Thus, a specification 
of R-11 mekns the insulation displays 11 resistance units" Clearly, the hiqher the R 
.valae, The bitter the insulating ability. = ' . " 

R IS a simple common denominati( for descnbinq rII types of irisLilation and all kinds 
i,of .dwell i/ig oonstruction For pxampip, all msulatinn ratPfi R 11 has thg ^^mp msuiation 
ability no, matter what its matf^rial or thickness - ^ '^^ 
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Thii book will give you many guidelines 
foi* buying solar %ywtB^i, it shouid elirpi- 
nati a good nftany risks, and it should, help 
protect you against possible fraud and 
dtception. It should familiarize you with 
engineering terms used to e\(^luatf or 
describe solar products,. But eventually, 
W you are a smart • consumer, you will 
obtdip the advice of an exgjert-a pterson 
who can lool< at your individual Cfrcum- 
stance and give vou advice tailored to your 
particular home. 




ERIC 



This bpok could not havJ been wrj 
without the invpluable assistance of my 
coiieagues at the various ertergy agencies, 
a number of solar busin&^smen, and the 
solar books mentioned in the Bibliography. 
The reader should know that I am ^RQi^ 
solar expert, rather a consumer \^riter. 
What I attempted to do was to solicit 
advice' from the most knowledgeable experts 
I could find on the topic, and then translate 
this technical'^ information into' usable 
language, I want to thank in particular 
Ray Fields and Bill Rice/from the En%rgy 
.Research and Development Administration, 
and Norm Lutkefedder at the ^ Federal 
Energy Administration. Also, 1 owe a deep 
debt of grat-itude to John Freeman, 
Deputy ^ssltant Administrator for Energy 
Projects, Federal Energy Administration, for 
offering to publish this bopk. Unfortunately, 
I cannot nanr^ali the businessmen who 
helped me with this book because to do so 
would give them a competitive advantage. 
They know who they are, however, and they 
know hovv grateful I am. I am at liberty to 
name Sheldon Butt, president of the Solar 
Energy Industries ^ Association-. Sheldpn 
spent many hours going over the text, and 
hi^ suggestions and -comments were most 
'helpful. The solar industry is fortunate to 
have such an outstanding professional at the 
helm. If the solar Industry reaches its full 
potential^ as- I am sure it will, a great deal of 
credit wii! g^ to Sheldon. The mention of all 
these experts is not intended to shift any 
responsibility for the final product- If there 
are any errors, 1 am the one at fault. 
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h^ant to thank Virginia 
Special Ayistant to the President 
Consumop Affairs, for her supiDort and en 
couragement. She understood the impor 
tance of this book, and she gave me the ttme 
to work on it. Virginia is a solar enthusiast 
and has undertaken a number of significant 
efforts to give this important form of energy 
a .Viable start. When the history of solar 
power IS writtgh, she will be inclLided m one 
-of the first chapters. 

J OP PHw^nrr ' ' ^ 
' * Director nf Public Af'fn.irs 
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SOLAR SUteSySTEMS— THE COLLEiTO^ 




Every so ofleh it seems, the' American 
people learn about a totally new product 
in the marketplace. Several years ago, 
for instance, the hand electronic calcu- 
lator was but a wink in a businessman's 
eye; Now, you can walk Into almost any 
retail outlet and purchase one to keep ^ 
your checking account in balance ai^d to ^ 
help figure out^your income taxes, \ ^ 

Similarly, it wasn*t too long ago when 
stereo systems first came on the market- 
place, and Americans heard*a totally new 
language—woofers, tweeters, anti-static 
devices, distortion levels, etc. To choose 
properly, consumers had to learn what 
these terms meant, and then they had to 
leirn how to compare competing prod- 
ucts. Because so r^ny Americans took 
the time and trouble to learn these essen- 
tials, stereo manufacturers by and large ^ 
fought for the consumer's business by 
gelling quality rather than imagery. Two 
Important results occurred — superlot^ 
prod ucts and satisfied customers. 

Will solar evolv^, a^ stereo did, into a 
.widespread, beneficial industry? To a 
^rdaf extent, that answer depends upon" ' 
you, the American cdnsumer. The more 
people who take the time and effort, to 
become good buyers, the greater the 
chance that solar power will reach its 
full' pofentlal— providing safe, economical 
energy to millions of American families. 

To be a good buyer of solar systenjs 
does not mean you have to becomd a 
rTjechanical or an /architectural engineer. 
^ does mean that at th^ Vight time, you 
should call on one of these experts to 
give you specific advice for your specific 
home But before yOu qet to the point of 
bringing in the pxpert there isin lot yoij 
can do to decide whether ^olar is for 
your hAme. and what type of unit is best ^ 
for your needs 



Figure 1.— Flat Plate Collector 



^^haps^ the best piacf^ to start is witln 
^nowledg*^ o\ ho>\ sol.nr workR .ind !hn 
./arious mtiin 3uJ)systems th.it mako up n 
lOtar systfefTi ' which arr thn cnllnrtnr 
itorage, the J>s*f ihution 'ru-itwnrk, and 
controls 
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The solar coliector is the subsystem most 
people think about wh^n solar energy is 
discussed. This is the component whose 
main function is to cagture the sun's en- 
ergy. There are many types of dollectors 
available; high performance colIeGtors 
such as the focusing collector ' which 
tracks the sun. a vacuum-sealed collec- 
tor which has very low K^t^loss, and the^ 
more conventional fiat piate coliector. To 
understand the principle upon which n 
collector ooerates. let^sX^ke a look at 
the flat plate collector vvhTch has been 
used successfully'^ for fpsidentuil and ' 
c o m me r c i a I f p u r po ses . 

Bpyonrj thn criSing ,inrj \hn nsiil.if ifni Ihn 
f I :a t p 1 .1 1 r c 0 1 i e C t O r f r ! * o Fig i^ j r f 1 ) h c i s 
"thrpp mnin nlpHnfMit^:;' ffir- t r, i n.«:;n,i rr»n t 
COvrr nr (Nivers Ih^ 'r . >i itirtf^ r plntn 
known to pnqmpprs r\% fhp nbsorhnr sind 
the r h n n p I s^ I n t h i I n r t '-^^ f p. ! t f=^ 



The transparent cover can be made out 
of glass ADr plastic. Jt is hard to general- 
ize about the advantages and disadvan- 
tages of each *material because various 
products differ in quality. 



Glas: 



lolds 



ts transparent characteris- 
tics wefL^eT^e years, Howei/er, various 
quality dhTOcteristics. such afe transpar-^ 
cy, strtength, etc., vary from product to 
product, same can be said of plas- 
tics Some contain high transparency 
characteristics for long periods' of time, 
while others do not Some turn yellow, 
reducing the capabiiity to transmit solar 
radiation. Some glass and pliistic covers 
'irn nlmost Vcmdrii-prgof. whtip others can 
bu ddmag^. very easily, 

* 

^Anmn nfMircT^durtiVp rq^a t r ' CI I should 

sppnrrifp thp cover from thr frame to 

' 1 n r f n ,i q f^ r n n f i 1 1 r ♦ i f i fi \ n e; ^ n f:. 
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fn selecting collectprs of different friate- 
rials, the qpnsumsr "shoijd apk for test 
rep5rt$ that show .a/itlcipatad durability 
ind jran^aranby^dharacterlstlcs. Vcu 
can then give these reports to your et\- 
.flineering consultant for evaluation. 

The trarispflrent cover servei fnany pur- 
poses. It' keeps outside air from carrying 
away'jthe heat that has been trapped. It 
also'^eeps out the wind and the ele- 
gants, protecting the If^slda components 
aKd% reducing energy loss by convection. 
In warm areas, ojie cover Is usually all 
that'is necas'stffy^^^t in colder climates., 
two transparent covers or insulated glass 
are generally considered necessary. 

Here is how the typical *flat plate collac- 
tor works. Solar radiation passes through 
the trans^rent cover (a small portion is 
abso^ed or reflected off the cover's sur- 



face) and hits tfte absorber plate> Most 
of' the radiation' IS absorbed by'the plate 
*and^plcked fip by the ffuid (air, water, or 
other liquids) passing throug'h the chan- 
nels in or against the plate. Some qf the 
radiation is reflected off the plate back 
to the covei— how much^^depends upon 
iha ^'absorbing and reflecting character- 
istics of the coating on the collector 
plate. The better the^ ^absqj ^ng^ qyality, 
the more radialion^ captured; theNess re- 
flected back' to the cover.^3peci^ doal- 
ings have been *d#welop^L which are 
highly absorptive with lov^%radiqtion. 
Don't be turned off by a collector plate 
because-ll is black or a d^rk colGr; dark 
colors absorb radiation much better than 
light colori/ Conversely, you .can*t always 
lell by the GoLor whether the coating has 
the desired selectivjty characteristics. 



Some manufaclyrers are devejpping what 
Is known as sejedtlve surfaces for tfisf' 
collector plate, Thfse'are ^not painted, 
but rather specially coated metals that 

/ appear to toBs^ a technical Improvement • 
over flat^ack paint because jeradiatlon 
losses areaecreased. Selective su^ffac^s 
cost .more initjilly than flat black paint 
and the ^extra cost must be weigh^ 
aga^instjhe value -'of increased fefficiency 

• and* the life expeclancy of tha coating. 
No matter what coating or metal Is used, 
however, some portion of the Incoming, 
radiation will be radiated back, and of 
^ fh^t portion, the transparent covw-eitijer 
will allow- some to pass through Or ab- 
sorb the re^l. The reason for two ^trans- 
parent covers In softie collectors Is to 
improve the insulation, just as storm win- 
dows on ^ur house reduce the lofes of 
heat through the window,, More tharstwo. 
cavers are not necessary. .Still other por-, 
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• Length 'of iwlmmirig saason without 
. heat 

•"^ Dasired length of use, - 

• Tamparature and source of water sup- 
ply, ■ - . 

• Tha presenGe or lack of a wind barrter. 

For apace hatting and copling,= the fol- 
lowing Information is naedad' 

• The orientation of the house. 

• Floor area of the home, and the num-^ 
ber of stories. 

• :Type**of construction used, type phd 

extent of insulation. 

• The mean U value pr heat loss of the 
hblrie^^^^ Infiltration and ventl- 
lation, 

' # Previous bills and rates. 

• Deiired temperature leveis. 

B^j^g:. ?fie leather and specifTc use 
^ata, topographical inforniitlon. latitude, 
altitude, and description of the specific 
sitt^hilts, trees, valleys, etc— will also 
be needed,^ 



'4 This Solar Syitem Will Handle Up To 90 Percent of , Your Heating Needi> 

Beware of slm^iistic claims. They generally have a catch, The above claim may only applylo 
homes thit have extravagant Insulation; Below is a more modeit.and more accurate claim. 



On a Good Sunny Day, This Solar Syst#tr| Will Handle ^ 
Be tween 40 and 60 Percent of Your' Heating N eeds.. . 

Knowing the differences among warranties can make a big differfJice in your pocketbook. 





This product is guaranteed to be 
p n e o f t h e f i nest sol rfr sy stenr^i 
lever manufactured. Manufacturer 
will pay for costs of parts to 
3 correct any problem 




If you buy p solar system without taking 
all these factors into account, then, 
frankly, you are gambling, 



Actuary determining the amount of Btu's 
delivered is a rather complicated proc- 
ess, and readers may want to skip the 
fpMowing e)<planation. But you may want 
to look at how one manufacturer caicii- 
lates Btu usage. 



Llft^elt Cotting 
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si 
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Maintanince and ^ ■ 
, Operational Goits rniurence 


Loan 

Interest . Taxes Depreciation 


II 1 


1 II II 


— Initial — -= 


— '^j' ~ Annual Cojts — 





Life cycle costing is a method whereby 
the total costs of, a product can be mea- 
sured against the annual savings^ showing 
the buyer approximately when his or hef 
investment is paid for. The above is a hypo- 
thiticaj example showing sonie key criteria 
in such an evaluation. 



$500 
annually 
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Other 



Annual Fuel Savings Caleulatidn Procedure 



The following -procedure is used to determine precise fuel savings for specific Gollactoj 
areas: . ' 

^ ' . Nomenclature . = . 

Design Load - " The design heating load of the residence or commeroial bdilding of 
interest, 

Desi|^-T^mparature -The winter outdoor design temperature for the building location (l,e. 
in Denver the Design Temperature^ ^ O^F) 

^^'^ . ' ■ , 

Internal Heat Gain - The internal heat gain of the building due to lights, obcupancy "and 
machinery. For residences this is generally, assumed to be 0. 

- The collector areai^ in squara feet ' - ^ ^ 

MJA - The heat loss per degree day of the building. This number Is obtained from the Design 
Load. Multiply the Design Load by 24 hours and divrde the product by the design 
■' T(70 - Design Temperature), 

qu - The useful heat gain fromjhe, collector on a per square foot Basis. The dimensions of 
this nunpLber are BTU/ft^ - month. / 

dg dys/rrrqnth - The 30 yeat average degree daySi per month where dg days ^ 

(65 - Trnm^um ^^Inimum) ^ maximum " ^^lly maximum temperature 
^ 2 

T . . ^ daily minimum temperature. - 
mmimurn ^ 

T^esf numbers are tabulated by the National Weather Service*^ 
Heat Lnad - The total average heat load per month which equals UA ^ dg dys. 

procedure 

The Design Load is taken directly from the Heat Lops Calculation, The Design Ternperature 
is taken from ASHRAE or Manual J. The Internal Heat Gain is obtained from the Heat Loss 
and Gain Summary for a commercial building. The Internal Heat Gain in such a summary is 
usually given in BTU/hr, and must be converted into BTU/Month. To do this, the Internal 
^eat Gain in BTU/hr is multiplied by the number of hours per month the heat addition to the 
building is occuring. For example, If the internal heat gain from lights and people is given as 
10,000 BTU/hr for an office building, then the total for one mpnth is;. 

IntHtGn. 10,000 ^ . 21 working days ^ i ,680.000 BTU/month 

hr day month 

The UA of a buiiding is the heat loss per dg dy of the building and is obtained directly from 
the design heat load as explained under Nomenclature above This calculation assumes the 
building is to be kept at approximately 70" F. and if this is not the case, the performance 
chart cannot be used directly. 

qu and dg dys/month have been tabulated for several locations in Table 11 

The tabulated values of gu and the collector output in BTU ' Sq Ft per month are entered in 
Column 1 of the percent annua! fuel savings worksheet (Wnrkshefsf 
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Column 2 is the tdfar.heat gain from the collector and is obtained by multiplying qu by A _ , 
the collector area. ^ . ^ 

Dg dys/month alse. entered jn Column 's, 4 

Column 5 is the portion of the total heat loss which has to be met by the heating system. 
These numbers are obtained by subtracting the internal hfat gaia from the total heat loss 
calculated In Column 4, If the difference Is negative, enter 0. T " 

Column 6 is the portion of the heat load met by the back up system. It is obtained by 
subtracting the numbers in Column IJihB total heat gain from the collector) from the 
corresponding numbers in Column 5 (the HeaLl^ad). If this number is negative, theri the 
solar system haacsatlsfied the entire load a^^^m entered. 

Colymn 7 is the percentage of the load carri^ by solar for each month and is obtained by 
subtracting Column 6 from Column 5, dividing thf product by Column 6 and multiplyiri^by 
liQO percent. The annual percentage of the load carried by solar is obtained similarly to the 
^onthly percentages. The total from Column 5. dividing the product by the total of Column 
oSwd' multiplying by 100 percent. 



Worksheet II - SampJe Problems 

Sample Worksheets A through i provide details for Worksheet II use based on a house in 
Poston, Massachusetts with i desigjifheaf load of 68,790 BTU/hour. The design ambient 
temperature Is 10^F. These worksheet^ show performance for collector areas of 500 square 
feet, 1 ,000 square feet. 1 .200 square feet and 1 ,500 square feet. It can be clearly srfen that as 
collector area increases, the number of months in which the Solaron system provides 100 
percent of the monthly heatlnf requirement increases from three months at 500 square feet 
to five months at 1,200 square feet. It also becomes apparent when totaling the percent of 
solar heating from 500 square feet of collector at 39.8 percent and from 1 ,000 square feet of 
collector at 67.1 percertt, that more thaji doubling the cbllector area does not necessarily 
double the percent of total heating provided by the solar system. This is, of course, a 
function of climatological data. From such a presentation, the proper collector area from a 
co$t effectiveness viewpoint can be selected; The worksheets provide the following 
summary for the sample structure: 

Collector Area Square Feet % of Total Heating Provided by Solar 

500 , 39 8 ' 

■ 800 , 56.8 

1 .000 67 1 

T20a 76^1 
1 ,500 85 8 



Source Coiorado State University 
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1 162 


1020 


696 


4 40 


1 68 


8529 


COLORADO SPRINGS 




25 


\ I 3 2 


4 5 6 


825 


1 03 2 


1128 


938 


893 


582 


319 


84 


^64 23 


Djrt VER 






I 1 ? 


428 


8 I Vi 


1 035 


1132 


938 


887 




0 Q 


c c 
00 


6283 


, CyAND JUNCTION 


0 


v* 


30 


3 13 


7 H 6 


i 1 1 3 


1209 


907 


7 29 


3 87 


1 4 6 


2 1 


564 1 


PL'EBLO 


0 


0 


5 4 


326 


750 


y H 6 


1 p85 


-^;.87 I 


77 2 


429 


17 4 


1 

1 J 


5 4 C2 


CONN BRIDGEPORT 


0 


0 


66 


3 07 


h 1 □ 


9H 6 


k U / " 


y tj p 


B ^ T 
0 D J 


^ 1 n 
D I u 


20 8 


27 


5 617 


HARDFORT 




c. 


y y 


J 1 d 




1 1 1 fi 

1 1 1^7 


1 0 fl Q 

1 4u y 


1 Ub 1 


s Q a 


d Q ^ 


Iff 




fi 1 7 5 

W 1 f 4 


P W H A y P V 


0 


1 2 


87 


3 47 


B4H 


HM 1 


1 0 97 


99 I 


87 1 


54:1 


245 


45 


5 897 


DEI., WILMINGtON 


0 


0 


5 1 


27 0 


5HH 


927 


980 


87 4 


73 5 


387 


1 12 


6 


4930 


FLA . APALACHlCnt^A 


- & 




n 


1 6 


1 53 


3 1 9 


347 


260 


"1 80 


33 


0 


0 


1 308 


DAVTONA BEACH 


- 0 


0 


0 


0 


75 


2 1 1 


248 


1 90 


140 


15 


0 


0 


87 9 


FORT MYERS 


b 


I) 


' 0 


n 


24 


1 09 


1 46 


1 0 I 


62 


0 


0 


0 


442 


JACK SON VI l,LE 


0 


0 


0 


1 2 


144 


3 I 0 


33 2 


246 


174 


2 1 


0 


0 


1239 


KEY WEST 


0 


0 


i) 


0 


0 


28 


4 0 


3 1 


9 


0 


0 


0 


108 


LAKEI AND 


0 


0 


U 




57 


1 64 


I 95 


146 


99 


0 


" 0 


0 


661 


MI AM! REACH 


- ^ 0 


0 


0 


() 


0 


40 


56 


36 


9 


U 


0 


0 


1 4 1 


or'lando 


' .t^ 


0 


0 


0 


72 


1 98 


220 


1 65 


105 


6 


0 


0 


7 66 


PENSACOIJ^ ^ 


0 


n 


{"1 


I M 


1 95 


353 


4 0U 


277 


1 H3 


36 


0 


0 


1463 


YALLAKASSEE 


0 


0 


'0 


2S 


1 ^-^8 


3 80 


37 5 


286 


20 2 


36 


0 


0 


1485 


TAAfPA 


^ 0 


0 


0 


0 


60 


17 1 




148 


102 


() 


0 


' 0 


683 


WEST PALM BEACH 


n 


(1 


(1 


("1 


6 




K H7 


64 


3 1 


" 0 


. () 


0 


253 



ERJC 



21 



Normal Totar Heating Degree Days (Baio eg' 




Sf ATE AND STATION 



GA.:^ ATHENS 
ATLANrA 

AuGusriir 

MACON 
ROME 

SAVANNAH 
THOMASVILLE - 
. IDAHO BOISE 

IDAHO FALLS 46W 
IDAHO FALLS 42NW 
LEWI3T0N 
POCATELLO 
ILL. CAIRO 
GHIGAGO, 
MOLINE 
PEORIA 
ROCKFORO 
SPRINOFim^ 
IND: EVANSVILLE 
FORT WAVT^E 
INDIANAPOLIS 
SOUTH BEND 
IOWA Bur ring ton 
DES MOINES 
DUBUQUE 
SIOUX 01 TY 
WATE^O 
KANS. CONCORDIA 
DODGE CITY 
GOODLAND 
TOPEKA ' 
WICHITA 
ICY. COVINGTON 
LEXINGTON 
LOUISVILLE- 
LA, ALEXANDRIA 
BATON ROUGE 
BURRWOOD 
LAKE CHARLES' 
, NEW ORLEANS 
SHREVETORT 
MAINE CARIBOU 

fHlRTLA.ND, . 
MD. BALTIMORE 

FREDERICK 
MASS BLUE HI LL OBSY 
BOSTON 
JiAN TUCKET - 
PITTSFIELD 
WORCESTER 
MICH. ALPENA 

DETROIT '(CITY) 
ESCANABA 
FL'i NT 

URAND RAPIDS 
LANSING 
MARQL ETTE 
MI S"K EG ON 

SAULT STE. MARIE 
MINN^ Dl LrTH 
INT FALLS 
MINNEAPOLIS 
RnCHESTER 
SAINT CLOVD 



ERLC 



















^ r^p-^-: ^ 


STATE ANQ STATIC 


JULY 


aug: 


SEP.^ 


OCT.' 


noy: 


pEC. 


JAN. 


FEB. 


MAR, 


APR> 


MAY 


JUNE 


ANNUAL 


.TISS/ JACKSON 


■ o\ 


0 


0. 


65 


315 


502 


546 


414 


' 310 


87 


0 


0 


2239 


MERIDIAN 


. o\ 


. 0 


0 


81 


339 


518 


543 


4 17 


310 


81 


, 0 


0 


.2289 . 


. VICKSBURG ; ' 


0 


. ■ 0 


0 


53 


27 9 


462 


.512 


384 


2$2 


324^ 


0 


0 


2041 


MO. COLUMBIA 


0 


0 


54 


251 


651 


967 


1076 


874 


716 


121 


r2 


5046 


KANSAS 


0 


0 


39 


220 


612 


905 


1032 


818 


682 


294' 


109 


^ 0 


47 fl 


ST. JOSEPH- 


o" 


6 


60 


285 


708 


1039 


1172 


949 


769 


348 


133 


15 


5484 


ST. LOUIS ' 


0 


0 


60 


251 

223 


627 


936 
877 


1026 


^ 848 


. 704 


31S 


121 


15 


4900 


SPRINGFIELD . ' 


0 


0^ 


45 


600^ 


973 


781 


^ 660 


29,1 


105 


6 


4561 


MONT. BILLINGS 


6 


15 


186 


4 87 


897 


1 135 


.1296 


1 100. 


970 


570 


285 


102. 


7049 


GLASGOW 


31 


^ 47 


270 


608 


1 104 


1466 


17 1 1 


1439 


1187 


648 


335 


150 


8996 


• GREAT FALLS 

HAVRE ' ■ - 




53 


258 


543 


921 


1 169 


■^1349 


1 154 


1063 


642 


384 


186 


7750 


28 


53 


20§ 


595 


1065 


1367 


1584 


13 64 


1181 


657 


'338 


162 


8700 


HELENA 




59 


[■ 294 


601 


1002 


1265 


1438 


1 170 


1042 


651 


^^381 


195 


8129 


KALISPELL ^ 


50. 


99 


321 


§54 
502 


1020 


1240 


" 1401 


1 134 


1029 


639 


397 


207 


8191 


MILES CITY . 
MISSOULA " / 


6 


6 


174 


972 


1296 


^ 1504 


1252 


105? 


579 


^7 6 


99 


77 23 


?4 


74 


303 


651 
381 


1035 


1287 


14^0 


1 1 aa 


97 0 


§2 1 


391 


219 


8125 


SEBR. GRAND. iSLANjf 


.0 


6 


108 


834 


1172 


1314 


1089 


908 


462 


,-211 


45 


6530 


LISCULN f 


0 


6 


75 


301 


7 26 


1066 


1237 


1016 


834 


402 


17 1 


30 


5864 


NORFOLK 


... 9 


0 


1 1 I 


397 


♦ 87 3 


1234 


1414 


1 179 


983 


498 


233 


48 


697 9 


NORTH PLATTE 


0 


6 


123 


440 


885 


1 166 


127 1 


1039 


0:iO 


519 


248 


' 57 


6664 


. OMAHA . ^ 


0 


. 12 


105 


-357 


828 


.1 175 


1355 


1126 


93 9 


. 465 


208 


42 


6612 


, SCOTTSRLUFF 


0 


0 


138 


459 


87 6 


1 128 


1231 


1008 


92 1 


552 


285 


75 


6673 


VALENTINE 


9 


12 


165 


493 


94 2 


1237 


1395 


1176 


1045 


57 9 


, 288 


84 


7425 


NEV. ELKO 


^ 9 


34 


225 


361 


924 


1 197 


1314 


1036 


91 1 


62 1 


409 


192 


7433 


ELV ^ 


28 


43 


234 


592 


939 


1 184 


1308 


1075 


97 7 


672 


456 


225 


7733 


. . LAS VEGAS 


0 


0 


0 


78 


387 


617 


688 


487 


33 5 


1 1 1 


6 


0 


2709 


. RENO 


43 


87 


204 


490 


801 


,1026 


1073 


823 


729 


510 


357 


189 


6332 


WINNF^LCCA 


0 


34 


210 


536 


, 87 6 


1091 


1172 


916 


837 


573 


363 


153 


67 61 


N. H. CQNCORD 


. 6 


50 


177 


505 


822 


1240 


1358 


1184 


1032 


636 


298 


75 


7383 


MT. w4SH. OBSY. 


493 


536 


72U 


1057 


1341\ 


1742 


1820 


1663 


1652 


1260 


930 


603 


13817 


N.^.r. ATLANTLj^lTY 


0 


0 


*^39 


251 


549 


^ 880 


936 


948 
876 


741 


420 


133 


15 


4812 


NEWARK / 


0 


0 


30 


248 


57 3 


921 


983 


729 


381 


118 


0 


4859 


TRENTON ' 


0 


0 


57 


264 


576 


924 


989 


885 


753 


399 


121 


12 


4980^ 


N. MEX, ALBUQUERQUE 


0 


0 


12 


229 


642 


868 


930 


703 


595 


288 


81 


0 


4348 


CLAYTON 


0 


6 


66 


310 


699 


999 


986 


812 


74? 


429 


183 


21 


5158 ^ 


RATON p 


9 


28 


126 


431 


. 825 


1048 


1116 


904 


834 


543 


301 


63 


6228 


RnSWELL 


0 


0 


18 


202 


573 


806 


840 


641 


481 


201 


^87 


0 


37 93 


SILVER CITY 


0 


0 


6^ 


183 


525 


729 


791 


605 


518 


261 


' 0 


3705 


N. Y. ALBANY 


0 


19 


138 


440 


777 


U94 


4311 


1156 


992 


564 


239 


45 


687 5 


^ . BI NGHAMTON ( AP) 


22 




201 


47 1 


810 


1 184 


1277 


1 154 


1045 


645 


313 


99 


7286 . 


. ni NGHAMTON (PO) 


0 


28 


14 1 


406 


732 


1 107 


1 190 


108] 


94 9 


543 


229 


45 


6451 


ni rrALO 


19 


37 


141 


440 


777 


1 156 


1256 


1 145 


1039 


645 


329 


78 


7062 


CENTRAL. PARK 


0 


0 


30 


233 


540 


902 


986 


885 


7 60 


408 


118 


9 


487 i 


J. KESSEDY I NTL 


0 


0 


36 


248 


564 


933 


1029 


9g5 


815 


480 


167 


12 


5219 


LAGLARDIA 4 
R( CM ESTER 


0 


0 


27 


223 


528 


887 


97 3 


87 9 


750 


414 


124 


6 


481 1 


9 


31 


126 


415 


747 


1 125 


1234 


1 123 


1014 


597 


27 9 


48 


67 48 


SCflENFCTADY 


0 


22 


123 


422 


756 


1 159 


1283 


1 1 3^1 


97 0 


543 


21 1 


30 


6650 


SV RACUSE 


6 


28 


132 


415 


7 44 


1 1 53 


127 1 


1 140 


1 004 


57 0 


^48 


45 


e7 ft e 

67 56 


N L , A SHLV I LL L 


n 

u 


n 


48 


245 


ft C ft 
DDD 


^ T a 


784 


683 


□ y^ 


d f J 


e / 


U 


AriA'i ' ' 
4U4 £ 


L A M A 1 I L KA & 


0 


0 


0 


/ 0 


07 n 


Dd 1 


5 80 


ft 1 a 
n 1 8 


4 4 U 


17 7 


0 ft 

do 


0 


d^ id 


CHARLOTTL 


0 


0 


6 


124 


43H 


69 1 


69 1 


ft Ci Q 


4 81 


I 56 


2Z 


0 - 


2\ 9 1 


r B tr '\: Qn f~\B 


U 


0 


33 


1 92 


J 1 J 


7 7 e 


7 84 


67 2 


^ f\ 0 

3 >J d 


7 '1 .4 

£ J 4 


A 7 

4 / 


U 


7 u ri ft 
J 9 U □ 




U 


9 


d 1 


1 b4 


4 %J y 


7 1 e 


7 0 ft 


n 1 h 


J Q7 
4 n / 


1 oU 


J 4 


0 


J J 3 J 


W I LM I i WiT 


u 


u 


U 




0 ti 1 
4 J 1 




D4 b 


4 Bd 


J D / 


Q A 

" D 


n 
U 


U 


£ J 4 / 


WINSTON SAim 


u 


u 


0 1 

4 1 


1 7 1 


H S J 


7^7 


7 ^ T 




D 4 


Qn7 
dV f 


T 7 


U 




S DAK BISMARCK 


34 




0 0 0 




1083 


14 63 


1 7 n Q 
1 1 Us 




1203 


64 5 


329 


1 17 


8851 


DEVILS LAKE 


40 


53 


273 


64 2 


1 1 91 


1 634 


1872 


1579 


1345 


753 


38 i 


138 


9901 


FARGO 


28 


37 


219 


574 


■1 107 


1569 


1^89 


1520 


1262 


690 


332 - 


99 


9aS6 
9^3 


W 1 LL I STON 


31 


43 


261 


601 


1 122 


1513 


1758 


1473 


1262 


681 


35? 


141 


OHIO AKRON 


U 


9 


96 


381 


726 


1 07 U 


1 138 


10 16 


87 i 


489. 


202 


39 


6037 


CI*^CINNATI 


0 


0 


54 


248 


612 


92 I 


97 0 


837 


70 1 


336 


1 18 


9 


4806 


CLEVELAND 


9 


25 


1U5 


3H4 


7 38 


108H 


1 159 


1047 


9i'H 


552 


260 


66- 


635 1 


COLUMBUS ♦ 


0 


6 


84 


347 


7 14 


1CJ3 9 


1088 


949 


809 


426 


17 f 


27 


5660 


DAYTON 


0 




78 


3 1 0 


69fi 


1045 


1097 


955 


8rs9 


429 


167 


30, 


5622 


MANSF! ri.D 


^ 9 


22 


1 14 


3 97 


7 68 


1110 


1 169 


1042 


924 


543 


245 


6U 


6403 


SANDUSKY 


0 


■ 6 


66 


313 


684 


1032 


1 107 


.991 


868 


495 


198 


36 


57 96 


TOLEDO 
YOL*JGST0VN 


0 




117 


406 


7 92 


I 138 


1200 


1056 


92 4 


543 


242 


60 


6494 


6 


19 


120 


412 


77! 


I 104 


1 1 69 


1047 


921 


540 


248 


60 


•64 IT 



ERIC 



ISIormai Total Heating De||rei bayi (ease 6S^) 



■< 



JTATE and: station |jULYjAUG , |seP, (qCT^, | NOV; \dW^ 



UKLA. OKLAHOMA CITY 

TULSA . • 

OR EG, ASTORr^'^^ 

EUGENE. 
/ MEACHAM 
MEDFORD 
PENDLETON 
PORTLAND' 
t ROSEBURG 
SALEM 

SEXTON .SUMMIT 
PA/* ALL EN TOWN 

ERIE 
* HARRISBURG 

-PHILADELPHIA 

PITTSBURGH 

'READING 

SCRANTON 

WILLI AMS PORT 
B. I . 'BLOCK IS 

PROVIDENCE 
C. CHARLESTON 

COLUMBIA ' ^ 

PLORffNCE 

GREENVILLE 

SPARTANBURG 
S. DAK. HURON 

RAPID CITY 

SIOUX FALLS 
TENN. BRISTOL 

CHATTANOOGA 

KNOXVlLLE 

M KM PHIS 

NASHVfLLE 
^ OAK RIDGE rCO) 
TEX, ABILENE 

AMARILLD 
^ AUbilN 

riROWS'SVt Li,E 
"CORPl'S CHRIST I 

DAI,!. AS 

EINPASO 

FORT WOHTM 

GALV-ESTUS 

HOI S TON 

I ARKDO 

\ imuKK 

M 1 1)1 ASn 
PORT ART!?VR 
SAN ANflFl O 

V I ( toRT A 
^Ai"() 

Wli Mr V\ KAI I s 

L rAH MI LKUHD 

SAI T I. AK K r 1 I V 
WFSEHHTR 

VT lU R! I SCTns 

VA. TAPK fiFSR 

' t VN'tMrm/Rc 

' URFOI K 
RiCHMONL) 
^i^ANOKK 
^ MSH SA r \ AP 



JAN 



I 



ERIC 




0 


. 0 


I 


164 


■ . 498 


761 


868 


d 


0 


18 


158 


522 


787 


893 


146 


130 


aio 


^ 375 


561 


67 9 


753 


^% 


^ 37 


210 


515 


867 


1113 


1246 


3? 


34 


' 129 


. 366 


585 


7 19 


803 


84 


124 


288 


580 


9'l8 


1091 


1209 


0 


0 


78 


37 2 


678 


87 1 


918 


0 


0 


111 


350 


711 


^ 884 


1017 


25 


28 


114 


335 


597 


735 


%25 


22 


16 


105 


.329 


567 


7 13 


' 7'66 


37 


31 


111 


338 


594 


729 


822 


81 


81 


17 1 


443 


666 


874 


958 


0 


0 


90 


353 


693 


1045 


1116 


0 


25 


102 


. 391 


714 


1063 


1169 


0 


0 


63 


2,98 


648 


992 


1045 


0 


0 


60 


291 


621 


964 


1014 


u 


y 


^105 


375 


726 


1063 


llld 


u 


0 


54 


257 


'597 


939 


1001 


n 


1 Q 


IJd 


434 


7 62 


1 104 


1156 


u 


ft 
y 


111 
111 


37 5 


7 17 


1073 


1 122 


n 


1 o 


^ Q 


307 


594 


902 


1020 


n 


1 D 


Q 

y O 


J f d 


660 


1023 


1110 


n 


? u 


u 


59 


282 


4? 1 


487 




U 


0 


84 


345 


577 


570 


u 


0 


0 


78 


315 


552 


552 


0 


0 


0 


112 


387 


636 


648 


0 


0 


15 


130 


417 


667 


663 


9 


12 


. 1 65 


308 


1014 


1432 


1628 


22 


12 


165 


481 


897 


V172 


1333 


1 9 


25 


168 


462 


97 2 


1361 


1544 


0 


0 


51 


236' 


573 


828 


828 


0 


- 0 


18 


143 


468 


698 


722 


0 


0 


30 


171 


489 


725 


732 


0 


0 


18 


130 


447 


698 


729 


0 


0 


30 


158 


4 95 


732 


778 


0, 


0 


39 


192 


531 


772 


77 8 


0 


■ 0 


. .0 


99 


366 


586 


642 


0 


■ r^ti 




205 


570 


7^7 


877 


{> 


"'{) 




3 1 


225 


388 


468 


0 


b. 




0 


66 


149 


205 


0 


0 


0 


0 


120 


220 


291 


0 


0 


0 


62 


3§1 


524 


601 


n 


0 


0 


84 


414 


648 


685 


n 


n 


6 


65 


324 


536 


614 


0 


0 


0 


0 


138 


270 


350 




0 


0 


^ 6 


183 


307 


384 


"1 


0 


0 


0 


105 


^17 


267 


( ) 


i) 


18 


174 


5L3 


744 


800 


( ) 


0 


0 


^ 87 


381 


592 


65 1 




0 


0 


22 


207 


329 


384 




0 




no 


318 


536 


567 


o 


0 


(} 


31 


207 


363 


428 




n 


0 


6 


150 


270 


344 


( \ 




0 


40 


27 0 


456 


530 


\ ) 




* n 


99 


381 


632 


698 


ii 


u 


99 


443 


867 


1141 


1252 






HI 


4 1 9 


849 


1082 


1172 


( ) 


() 


48 ' 


37 2 


822 


1091 


1 178 


28 




207 


53 9 


891 


1349 


1513 1 


O 


0 


I 0 


1 I 2 


360 


64 5 


694 i 


0 


0 


51 


223 


540 


822 


84 9 


( > 


u 


0 


I 3 6 


408 


698 


738 


u* 


0 


36 


2 14 


49& 


784 


815 . 


ij 


Q 


51 


229 


549 


825 


834 


o 


0 


.1 .1 


217 


5 19 


834 


87 I 



FEB. B^R.^ APR 



664 
683 
622 
9Si 
627 
1005 
697 
773 
644 
608 
647 
809 
1002 
1081 
907 
8901 
1002 
8851 
1028| 
1002 
955 
988 1 
389 
470 
459 
535 
560 
1355 
1145 
1285 
700| 
577 
613, 
585 
644 
669 
470[ 
664 
325j 
106 1 
174 
440! 
445 
448 
258| 
288 
134i 
6f3 
4 

27 4^ 

412 

2861 

230 

3891 

518 

9881 

910 

902 



731 
655 
703 
722 
7621 



527 
53''9 
636 
856 
589 
983 
642 
617 
586 
570 
611 
81 Q 
849 
973 
766 
7 44 
§74 
735 
893 
'8561 
877 
8681 
291 
357 
347 
434 
453 
1125 
10511 

losal 

598| 
453 
493| 
456 
512 
552I 
347 
5461 
223 
J 4 
109 
319 
319 
319 
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Normal Tottl Hiitjng Degree Dayi (Base 65^) 



STATE AND STATION- 



WASH. OLYMPIA 
SEATTLE : 
SEATTLE BOEING 
SEATTLE TACOMA 
SPOKANE 
STAMPEDE PASS 
TATOOSH IS. 
WALLA WALLA 
YAKIMA , 

VA, CHARLESTON 
ELKINS 
HUNTIT^GTON 
' PARKERSBURG 
WIS. GREEN BAY 
-LA CROSSE 
MADISON 
MILWAUKEE 
WYO. CASPER 
CHEYENliE 
LANDER 
SHERIAN 
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One of th^ moBt practical of weather statistics is the "heating degree day." First devised some 
50 ytors ago* thaXdegrae day system has beenin quite general use by the heating industry for more 
than 30 years. / - ^ 

Heating degree days are the number of degrees the daily average^ tempertaure is bel6^ 65**, 
Normally heating is not requiredJn a building when the outdoor average daily temperature is 65^. 
Heating degree days are detemined by substracting the average daily temperatures below 65° from 
the base 65;. A day with an average temperature of 50* has 15 heating degree days ^5 50 ^15) 
while one with an average temperature of 65* or higher has none, , 

Several characteristics make the degree day figures especially useful. They are cumtflative so 
that the degree day sum for a period of days represents the total heating load for that period. The 
relationship between degree days and fuel consumption is linear, i.e., doubling the degree days 
usually doubles the fuel consumption, Cottipariny norm^il seasonal degree riay.s in different locations 
gives^ rough estimate of seasonal fuel consumption. For example, it would require roughly 4 times 
as much fuel to heat a building in Chicago, IlL, where the mean annual total heating ffegree days 
are' about 6,200 than to heat a sirnilar building in New Orleans, La., where the annual total heating 
d^ree days are around 1,400. Using degree days has the advantage that the consumption ratios are 
fairly constant, i,e,, the fuel consurtied per 100 degrei days is about the same whether the 100 degree 
days occur in only 3 or 4 days or are spread over 7 or 8 days. 

The rapid adoption of the degree day system paralleled the Hpread of automatic fuel systems 
in the 1930*s. Since oil and gas are more costly to store than solid fuels, this places a pre nfum on 
the scheduling of deliveries and the precise evaluation of use rates and peak demands. 
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PROTECTING YOUR POCKf TiOpK 



If there Is on© characteristic /consumers 
have in common, Ft is the desire to get 
one's money's worth on a commercial 
transaction. In the solar field, there are. 
three main obstaclei in iatisfying this allr 
important objective: 

1. The consumer's own lack of knowl- 
edge and inexperience in this field. 

2. Manufacturers who unintentionally 
build shoddy prodycts and who are too 
overenthusiastic aboijt their products. 

3. Deliberate fraud 'and misrepresenta- 
tion. 

the best weapon against all three Is for 
the consumer to recognize his or her 
own jimitations and to rely upon compe- 
tent engineering counsel. -'Knowing that 
dne does not kno^^ Is the first step < 
toward wisdom, as one old philosopher 
said. 

Though the purpose of this book is to 
give you some basic guidelines in buying 
solar, It is not' all conclusive. Beyond 
these guidelines presented herein, and 
the need for proper engineering counsel, 
here are some other steps you can take 
to Insure that you get your money's worth^ 
In a solar system: 

• Ask far proot that the product will per- 
form Bs Bdvertised. The proof could come 
from an independent laboratory or a unN 
versity. You should have the report Itself, 
not what the manufacturer states the' re- 
port claims. Have your engineering con= 
sultant go over the report, 

• BxamiriB the wBrranty carBfully. Re- 
member that according to the law, the 

'manufacturer must state that th^ war- 
ranty is full or limited. If it Is limited, 
know what the limitations lre= How long 
does the warranty last? Are parts, serv= 
Ice, and latoor covered? Who will provide 
the service? Does the equipment have to 
be sent back to the manufacturer for re= 
pairs? Make sure you understand » the 
terms of the warranty before you buy. 
Ask the seller what financial arrange- 
ments, iuch as an escrow aecount. have 
been made to honor the warranUes. Be 




sure your engineering counsel nrfl onfy 
looks over the y^arranty, but thy design 
itself to determine whether the^ are any* 
important omissions. 

• Sp/flf component& are like stereo com- 
ponentB^Bome work well iggetherf other$ 
don't. If the system you bib purchasing 
is not sold as a single packaga by one , 
manufacturer, then you should obtain 
assurance that the seller has had the 
professiortal experience of choosing 
properly. 

• A&k tfie m&n or woffi^ wtio owns one. 
Ask the seller for a list of previous pur- 
chasers and their addresses* and then 
ask the ownersrabout their axper/lfnces. 

• ■ .7 ( ' 

• Be careful of sellers who use^ost 
Office Box nurnbers. Though many leg Iti- 
mate businesses use these outlets as a 
convenient, way to receive* bills and or= = 
ders, a common tactic of the fly-by-night 
artist is to use a Post Office Box number, 
operate a territory until the law starts 
closing In, then "move $nd take a new 
name In a new territory. Find ■ o^ from 
the seller where his place of business Is, 
how long he has been there, and ask for 
his financial, references. 



ff^&lly who 
tj^ing 




• Be sure you will knhw 
will servlee the solar sysf 
goes wrong. Don't settle^f^^^^fsbrffee 
that any plumber or handyman^WiH do. 

• Don't try a do-it-yourself kit, unless 
you really have a very solid bBckground 
as a handyman. One or two mistakes 
could make, a system ihoperable and you 
will have no one to blame but yourself, 

• RemBmber that what counts with a 
solar system is the amount of Btu*s de- 
liVBred for the final end use of the sys- 
tBm, and that this amount can fluctuate 
widely. A very good wmter with much 
sunshine can produce^ performance lev= 
els beyond the manufacturer's projec= 
tions. Conversely, an unusually bad win- 
ter with heavy cloud covers could make 
the pro|ections drop dramatically, ^he 
seller will be working from historical av- 



erages. A good guide to performance Is 
whether the season is typical or atypical; 
If it^ is, typical, %nd your energy use pat» 
terns haven-t changed, then the savings 
projections, may have been Inaccuratei 

• Don't change your use, habits simply 
because you are gBtting plenty of free 
energy, donserv&tlon of energy still 
counts if you want Jo bring your monthly 
bim down. Don't blame the seller of a 
solar heating systerri if you keep your 
doors open during the middle of winter- 
time. 

• Dori't forget your local conBUmer of- 
fice or your Better Business Bureau. Both 
may be able to help you determine 
whether a seller Is reputable or not. 
Check, too, to see whether there Is a 
local volunteer citizens solar organlza= 
tion aroulnd. If so, It can probably give ' 
you plenty of good advice, ; = 

• If the seller makes^ verbal claims that 
are hot reflected in the literBture handed 
out, ask him to write those claims down, 
and to sign his name to it. Compare what 
he. said with what he wrote.' Save that 
statement. 

• If you have what appears to be a legit- 
imate complaint, notlfx-.^ff)locBl district 
attorney's office i^fmediately, the Better 
Business Bureau, and the local consumer 
protection agency. Be as specific in your 
complaint as possible, and give as much 
documentatibn as you can. 



ANSWERS to QUESTIONS YOU ALWAYS WANTED TO ASK 




Q: Supposing I move out of the^ou^se in 
. a year or two. Can I count, on apprecia- 
tion? 

r- A: It depends dfi two basic factors: If^ 
looks good and if It saves sufficient en 
ergy* purchases. You ^should be able 
prove whether .it works or not in cas 
of retrofit simply by saving your er^^ 
bills/ and comparing ponventional fuel 
Usage with past bill statements. In cases 
>of new homes, comparlsdns of operating 
costs for solar versus conventional^ 
homes can be helpful, but not coricluslve 
because of lacge differences in heat use' 
by different families even in identical 
homes. Year-to-year differences may also 
be largei^so a call to your energy supplier 
(gas or elebtric pompany or oil supplier) 
can be helpful in establishing what the 
relative energy use should have been. 

As'to eye appeal, that's something else. 
If it looks good Jto ydu and your neigh- 
borSi the odds for appreciation are in 
your favor But remember it's the buyer's 
eye that counts the most. . ^ 

Q: If I pla^n- on a heating system, should 

-I allow for extra space for storage and 

collector .^so that I can later adapt to a 

Gooling unit? ' . y 



A: Ask younlngrHs4Hng consultant what 
these extra co^ts amount to for your par-* 
ticular design. If you are building a new 
hbme, and ^plap to live in it for some 
' time, it* will probably be easier to plan , 
now for a cooling system, rather than 
retrofit later 

Q: Should I buy now or later when im- 
provements in solar technology are sure 
to lake place? 



Will I need a humidifier with my solar 
systfm? .^ 

A: Fundamentally, a solar system ' re- 
placfes "conventional" energy with solar 
energy. It does not hecessarily have any 
^ effect upon the need for a humidifier 
.Many solar systems use a hot. water tank 
for energy storage and the hot water 
tank ma^i^ located 'within the structure= 
Generally, if this is th© case, the tank 
should be covered and sealed so that 
water vapor (humidity) does not escape 
from the tank into your house in the 
summertime wheriMt is not wanted. An 
uncovered tank would help humidify the 
air In your house in the winter but the 
^prl^e" paid^cause of excessive humid= 
ity in the i^mer 'is generally too high. 



contact a reliable sojar 





Q: H 
engineer? 



A: One of your best bets is to call a local 
engineering university ^nd ask to speak 
to one of the professors about solar en- 
ergy, ^Tel I the professor you want to hire 
an advisor who is knowledgeable in the 
area. Generally, theseMnstructors hav# a 
good idea of who is good in a local com- 
munity. Failing that, contact one of the 
local engineering societies (such as the 
American Institute of Architects, tl# So- 
ciety of Mechanical EhgineerS, or the 
American Society of iHeatingj Refrigera- 
tion, and Air Conditioning Engineers) dnd' 
ask for a list of engingf rs who are knowl- 
edgeable^ about solar When you- make 
contact with those who arn on the list, 
ask for references as to theif previous 
work in the fleki. 



A: There is no doubt that later solar sys= 
terns will have improvements over pres= 
ent models, and there wiir not be as 
much risk for the buyer as fhere is today, 
However^ costs for tomorrow's solar sys% 
tems may go higher, and you lose all the 
money ^ou could have saved from not 
using expensive conventional fuels. 
There's something to be said, too, about 
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^.4 -The economics Of solar space hiating plus solar hot water 
e'ectric heat ana hot water heat 



heating vs. 



Region 




iasr Coast - Boston 
40% Solar 
^_ 50% Solar 
'^1^ Coast = New York 

w _ 40% Solar 
^ . 50% Solar 

ii^ |p|t. Coast = Washington 
^ ^ ^ ■ ' 40%.Solar 
50% Solar 
Uppor^idwast 

(Omaha ^ Chicago) 
40S Solsr 
^0% Solar 
&^ .^m. Midwest • T- 

(NrtshvilU^ - Bl LiHiisi 
40% Sylar 
50% Solar 
Southwesi ■ 
(Dallas) 
40% SniHf ■ 
50^:, Solar 
60% Solar V' 
Southern Califofn.H 
fLos Arsgeies) 

60% Rniar 

60%_So^^a' 



yoiar 
System 
cost (S) 



437S 

ajso 

4JO0 
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4 J25 



2,20Q 
3.0D0 
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1.500 
2.175 
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Tabte 5 .--The ©c6nomp(^s of solar spaoe heating pLus solar hbt water heating vS. 
natural gas heat plu| hot wa\ir heat 



Region 



E^St Gpast = Boston 

40% Solar 

50% SoUif 
Easi fcodst New Yo(K 

40% Solar ^ 
-. ' 50% Solar 
E^ast Cflast - Washington 

40% S^llar ^ 

50% S^ar 
Upper Midwest 

(Ornnhn - Chicayoi 

4D% Sotar 

Lowpf Midwest 
(Nashville - St Louia) 
40% Solar ^ 
50% 
Southwesi 
(Dallas) 
40% Solar 
50% So far 
.„ 60%. Solar 
Soijfheffi C.jii* 1 

50% Sosi' 



Solar 
system 
.cost {$) 



Pay out ttme, years (gas) 
12 SC. therm FSe/therm if SG/therrTV lOC/therrri 



4.875 
6J50 

4700 
6J00 

3.475 

5.300 



3,200 
4.825 



3,275 
4 8.25 



2 200 

3 000 
4J75. 



1 500 

3 000 




18 a 

20 6 
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IB ■ 
2 I 



1/2 



18 1 
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16 J 
if J 

ID a 

i / H 
U '< 
1 =^ n 



17 6 

ia 5 



19 1 

20 4 



160 

17 6 



15.9. 



lb 8 
18 2 



16 5 

17 3 



17 9 
19 2 



14 9 

16 5 



13 4 
( 14.8 



15 



^4 a 



1^' 
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JTable 6.^ 

^-^ 


-.Heat values of fuels and electricity 




Product 




Btu 


■Unit 


Anthracite 
B 1 1 u rn 1 n 0 u s 
CoKe ^ 




25,400.000 
26. 200000 
24,800.000 


ton 
* ton ^ 
ton 


Natural gas (Dry) 

Butane 

Propane 




' 103,500 

102.000 - ' 
91,500 / 


Cft^ ' 
gallon 
gallon 


Diesel fuel 
Distillate fuel oi! 
* Gasoline 
Jet fuel 

Kerosene 

, , Electncity- 


J? 


5J00,D00 
138.238 
138J90 
125,071 
135,000 
135,000' 

3412 


barrel 
gallon 
gallon 
gallon 
''gallon 
gallon 

kWh 
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Table 7. — ^Conversion factors 



Product 






Btu 


Unit 


Coai 
















25,400,000 


Ton 


/ BlILHTHritJlJS . V 






26,200.000 


Ton 


Blast furnace gas ^ 






100 


ft^ 


' ' Briquettes and package fuels 






28,000,000 


Ton 


Coke 






24.800.000 


Ton 


Coke breeze . . 


.. .. ^ 




20,000.000 


Ton 








550 


iP 


Coal tar 






150.000 


gallon ■ - 


Coke-oven and manufactured c 


las products, light oils 




5.460.000^ 


barrel 


Natural gas {^^yl 






1.035 


ft^ 


' Natural gas liquids (average) 






4.011.000 


barrel 


Butane 






4.284.000 


barrel 


Propaf^i . . 






3.843,000 


barrel ' - " 


Petroleum: 










Asphalt 






6,640 000 


barrel 


Coke 






6,024 000 


barrel 


Crude Oil 






5.800.000 


barrel 


, Diesel fc-. 






5.806 OOD 


h a f f p ' 


Dtstiilate fuel Oii 






J. 82 5. 000 


Oarrel 


Gasoline aviation 






3 048 000 




Gasoline mofor fuet 










Jet fuel 










Commercial 






buru.oou 


D a f f e 1 


Military 








bdrf D' 


Kerosene , 


r 




^ 6"n >')on 




LuDrtcantS 






h 060 ''Kin 




MiScellaneQuS ofis 






^im ..)0'i 




Rehntry stiM gas ^ 






- fy\ H) noo 


h , 4 r r V 1 , , 


Heavy fuel O'l 






^ 000 




Rn.^d nils 


















Daj f 








'i. .3 ■ ; 

■ 


t= \\ ' ■ 



\ 
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DOLLAR SAVINGS AND PAYOFF PERIOD FOR HEATING INSTALLATION^ 2,000 SQ. FT. HOME ^ ELECTRIC HE 



AT 



AViRAGi YEARLY 
iNfRQY fFPlClENCV 
COSTS 'of SYSTEM 

LOWSQLAM RAD/A f/ON 
S.p3/kW 60 

.... . 50 
40 



S.OS/kW 



60 
BO 
40 



MEDIUM SOLA R RAD/ A TtQN 
$.03/kW 60 
50 
40 



$.05/kW 



60 
50 
40 



HIGH SOLAR RAD/A TlON 
$.03/kW 60 
^ SO 
40 



S,Qi/kW 



60 
SO 
40 



SAVED PIR 
COLLiCTOR 
PiR YiAR 



35.00 
29.07 
23 19 



58.00 
4g.20 
38.80 



46.20 
38,70 
30J6 

77.10 
64.50 
51J0 



58.00 
48.30 
38.60 

9700 
80.B0 

64.80 



YiARLY 
RETURN 



11,2 

9.3 
74 



18,6 
16,4 
1?.3 



14 J 
12.4 
9J 

24 J 
20.7 
16,6 



18,6 
15J 
12.4 

31=1 
26,1 

20.7 



PAYBACK PfRIOD {Yf ARS) ^ 
(100% OF iNSTALbiD COST 
GHARGED AGAINST SAVINGS) 



9,0 
13.8 

^b:3 

6.0 
8,2 



6,7 
8.J 
10,3 

4,0 
4.8 

6,0 



SJ 
6,4 
8.1 

3.0 
4.0 
4.8 



ADJUSTED f^AYBACK PERIOD (YiARS) 
{33% tf'ALUE OF SYSTEM 
ADDED TO STRUCTURE) 



5,9 
7,1 
9.0 



3.6 
4.0 

5.4 



4.5 

5,4 

6.5 

2,7 
3.2 
4.0 



3.6 
3,1 

3.6 

2.1 
2.6 
"3.2 



•At total initslltd system eostof Sl6,00/iq. ft. 



-. k . 
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DOLLAR SAVINGS AND PAYOFF PERIOD FOR HiATING INSTALLATION^ 2,000 SOrFT, HOME - OIL HEAT 





VAViRAGi YiARLY 


SSAVeD PiR 


% 


PAYBACK PiRIOD (YiARS) 


. ADJUSTiD-pAYiACK P 


'iNiRGY 


iFFICIENCY 


COLLgCTOR 


YiARLY 


noo% OF in'stalled cost 


(33% VALUE OF 


COSTS 


OF SySTiM 


PiR YiAR 


RETURN 


CHARGED AGAINST SAVINGS) 


r ; ADDiDTOSTRL 


LOyvSOLAR RAOiAtiQN 












ao 


17:37 


5J . 


17.9 








14.56 


4 J* 


21.3 






40 


1 1 .60 


3 J 


' 26 J 


1 3 .8 




60 


23 J4 


7.2 


13,9 


8,7 




, 50 


ii,io 


6.4 


15.6 


104 




40 


15,90 


5,1 


19.6 


■ 13.0 




60 t 


30.39 


9,8 


10,2 


6,8 




50 ) 


w 2540 


8.2 


12.2 


8.1 




40 


20.20 


6J 


15.4 


10,2 


MEDIUMBOLA^ ^ AD 1 ATI ON 












60 


23.15 


7.4 


13J 


8.8 




50 


19,40 


6.2 


16,0 


10,7 




'K 40 


15.50 


5,0 


20.0 


13.3 




60 


31 95 


10,3 


9,7 


6.6 




50 


26.50 ' 


8.5 


11.8 


7.9 




40 


21.20 


6J 


14,7 


i,a 


S,70/GaL 


60 


40J5 


13.0 


7.7 ^ 


5.1 




50 


33.80 


10.8 


9.3 


6.1 




40 


27.10 


8,7 


' * 11.5^ 


7,6 


W/GH S044i^ RADIATION 










S.40/Ga]. 


60 


29=10 


9.3 


12.3 


7.2 




50 


24.20 


7J 


14.6 


8.5 




40 


19.30 rT- 


6.2 


18.5 


10.7 


SJB/Qal 


60 


^39=90 


12.7 


9.0 






50 


33.30 


10.7 


10.7 


\ 6.3 




40 


56.60 


Bi 


T5.4 


^ 7.8 


i 70/Oai 


60 


50 80 


16 2 


70 


4.1 




50 


42 30 


13.6 


8.4 






40 


33 80 


108 


10.6. 


6.2 



*At total instaHed systBm eo§t of $16 OO/^q ft 
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DOLLAR SAVINGS AND PAYOFF Pf RIOD FOR HEATING INSTALLATION* 2,000 SO. FT, HOME - GAS HIAT 



^ AViRAGi YiARLY 
iNERGY EFFlCliNCY 
COSTS OFSYSTiM 

LOi/V SOLAR RAD/A TION 



$JS/CCF 



J-^44/CCF 



60 
50 
40 

60 
50 
'40 

60 
50 
40 



MEDIUM SOLAR RAD I A TION 



$.18/CCF 



S,34yCCF 



$,45/CtfF 



60 
50 
40 

60 
50 
40 

60 
SO 
40 



SSAVID PIR 
CQLLiCTOR 
Pf R YEAR 



9,80 
8.17 
6.54 

18.45 
15.36 
12 JO 

24.50 
20.40 
16.33 



13.10 
10 JO 
8.70 

24.70 
20.60 
16.40 

32.70 
22,70 
1 7.60 



% 

YEARLY 

RETURN 



3.2 
2 J 
2.1 

6.9 
5.0 
4.0 

. 7,8 
5.5 
4.2 



4.2 

3,5 
2.8 

7 J 
6.6 
5.3 

10.5 
7.3 
5.6 



PAYBACK PfRlOD (YiARS) 
(100% OF INSTALLED COST 
CHARGf D AGAINST SAVINGS) 



31.2 
38,5 
47.6 

17.0 
20,0 
25.0 

12 J 
18,2 
23.8 



.23f8 . 

28.5 

35.7 

12,6 
15.1 
18.8 

9.5 
13,7 
17.8 



ADJUSTiD PAYBACK PERIOD {YiARS) 
(33% VALUE OF SYSTEM 
ADDED TO STRUCTURi) 



20,8 
25,6 
31.2 



11;2 
13.3 
16,7 

S,i 



15.8 ■ 

18:8 , . 

8.4'/ 
10,0 ^ ' 
12.6i ' 

11.9 ^ 



HIGH SOLAR RAD I A TION 



$.18/CCF 



i.34/CCF 



$.45/CCF 



60 18.25 

50 13.50 

40 10.90 

60 30.70 

SO 25.60 

40 20.40 

60 40.70 

50 28,20 

40 21.80 



*A*- total installed syitern cost of SiB.OO/sfj ft 



5.2 
4.4 

3.5 

9.9 
8.2 
6.6 

13,1 
9.1 
? 0 



19.2 

22.7 
28.6 

10.0 
12.2 
15.2 

7 J 
1 1.0 
14.3 



12.8 
15.1 

18,9^ 

6.7 
8.1 
10.1 

5.1 
7,3 
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^jetral i^tar^p|>);ai^^^ Inddpendent Engineer 




i'^li^i^^^ iolar heating and energy conservation potential.is com- 

^pj^^p^m^^^E^^ of the^esults is givfen below. A detailed analyiis is enclosed in the 

Wii^titjltfife^ this letter. In our analysis, the projected cost of electrical 

^#n^0r^¥^ niHch solar ener^ and improved insillatibn would 

riv/^^ij'^to cost savings was ased to select an optimum 

Ay|t^:(Of ptojecting enfr|y^ costs is risky because the effects of oU . 

\;'ls^kti^mQi'6P oil cRnnpt be accurately determined. 

^ IJ'^'I^^W ^^m^m'^^M^bm ^vernmgnt report and probably 

(7 eafijltiift Ther^li^, jf cotepany) expects you to save more 
• tfcmjh^-apfiount we have sta;ted^ tiiis eViljp^tioial f;. 

c|i!^fo|iti\^^ a synop^'or tte,^jj||j^ " . 

^'^;:;!^;^..:Y0ur present home reqiiir^ 3B|Sb0vBtyi^^ heating and 

<*^0hiSitie)i^t water. This preseritly|&bst$^ years, based on 

iS^f^^ metgy costs, you wQuh^ipeii#^i2fiO ^(b y|a|^| %^ Accumulating 
l^^fSmiAy QoBts ofer a fifteert-yeay^titidi^y |26,257 to heat your 

^■BdmeVand: hot water, j ^ - ' '^^^^^^^^^^ \ ' 

Xour home iMmation can be impro¥ed[:^iWcri 
; pC^ C^pmpfmy) reconimends the addifcioii^f ^ottiii j/^t^^ the 
^Ko^ Sii^ duets and ad^mg an additional thitee ifidiiiyi^. iiKula^ thf e^rt^^^ 
-Although you presently^ave thermopanf wimliiws.an^jdoo^^AB 

t^fti^'d reduce infiltration losses. These msulaijd^^ 
vyqur heating load by 21% and save you $251 p&r y^kr at ^rtteni ^jiir^;eMt^ 
pt&j(9cted energy costs, over the course of fifteen yeaj:s^T^es^,insiHaiiSh 
"wtfculd save you $5492.08/' - ■ ■ - ^^^- -^ . ^.^.^^^.^^^^^^ /';. J V^I^^'W; 

3. An operational schematic of the solar heating systerti is atteHed, It 

as.tiie heat transfermiedia and will provide don^siib hot water as will W hdrte-h^at. In 
-the summer, excess solar heat not needed Jo heat ftie^omestic^ater ^ouli^ 
heat the swimming pool, % ^ ' 

^ 'i" j%' % . ^' '■ ' 

4. Two solar heating system sizes werg o^imaL^he jolar heafciftg^^^ 
(company) recommends would have a solar collector qf 500 squ^e f#iit, and 
would be mounted on modules in your bacKyarde Since your home faces 41 degrees . 
away from south, solar coUectot placement on your rooftwasunad^d^le, A^rf^ 

of this system, shown with the proposed swimming pool, is also attached. (C^rtpany) 
recommends this solar heating system be considered only iji. conji^ction '^Ith the 
improved insuiation package. ^ ^ . * 



*A degTee'day is an engineering measure of the amount of heat your home requires 
based on local weather data. A Btu is a unit of hf^at. • 
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5, The other solar heating ix^tem optimized has an area of 800 square feet. 
However, since a larger system is more ^qyly, and the recommended syst^^ is 
mQunted_ qfiTpodules, additional collector area could be adde^o the recommended 

system afe^ajalgt date. ' ;v 

^ W , ' ' ■ / ' ^ 

6. The recommended BOO square feet system would supply 35% of the ye^y 
heating load of the recommended better insulated home. This system (recommended 
system No. 3 of the work sheets) would, in combinftion with the insulation package, 
save you $6q8;'per y^ar, orover half of whut^ou are presently paying. Usine projected 
energy costs, this solar heat and Insulation package would save you $13,288 over the 
course of fifteen yea]^, ' 

^ ' " ' ' % ■ ' , ^ ' 

1. The solar heating system ^ estimated to cost $20 per sqUare foot yielding a 
cost of $10,000, The insulation improvements are estimated to cost $2500,Q^The total 
package cost is^estimated to be $12,000, and should pay for itself in about ihhteen 
years, A firm fbced price for the^ackage would be quoted when a solar heating installa^a 
tion contract is negotiated. If you install the system yourself, (company) supplying 
plans, ffichnical advice and materials, the solar heating system cost could be reduced to 
$6,500. . . 

t 

8. The excess solar heat obtiaihed in the summer mpnthsidn be used to heat ^our 
pool at a savings of $2SD^er summer at present enerp^coste. Oslng prbj6ct4dSenergy 
coats, over the course fifteen years, the excess solair heat would save you an 
additional $6,300. This excess solar heat, in combinstidn with a pool cDver, Whieh 
(company) recommends, would raise the pool water temperature 7 degrees ovei- that of 
an unheated^ tineovered pool. r '^tf^^^ 

The following table lists our recommendations, their costs, and your expected savings. 



RECOIVMENDATION 
Insulation Package 

500'square-foot 
solar heating 

Solar pool heat 

Total 



ESTMATED COST 
I 2,000 

f rf,000 

^12,000 



PROJECTED SAVDJGS OVER 
FIFTEEN YEARS . 
$ 5,492 

13,288 
(includes insulation) 

6,300 
19,588 



If you have any questions aboutthU evaluation, please feel free to contact us. 



Sincerely, 




Enrlosiirfs: (] ) Work Sheets 

(2) Operational Schematir 

(3) Collector Array Diagran) 

(4) tiuiar Prullle 
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Solar HMlIng Potontiai Suivey, 



DATE: May 30, 1975'*^ 

NAME: 

ADDRESS; ' 



SURVEYORS (S^r- ^ 

SURVE\^^ INFORMATION ATTAjCj^0D yas 



PRESENT HEATING. LOADS AND RiQUIREMiNTS 



DOMESTIC HOT WATER 
MINIMUM 
. ' MAXIMUM ^^ ■ 



■ tOAp 
880 kWh/mo 



PRESENT ESTIMATEd COST 
$1^.00/mo 
30 00/mo 



PRESENT HOME;:HEATiNG REQUIREMENTS: 



i^HEATINQ fisltUS^ Analysis of your home heating bjili in conjunction with local 
. weather data yields a home heating load of 38.500 Btu/degree- 



NOTES 
6** insulation 

block 

3.62" msulalion 

block to air 

thermopane 

skylight 

6" insulation 



CONSTRUCTION DETAILS (Drawings available) 

ITEM AREA (ft^) 

CEILING 2j18 

CilUNG (other) 0 

WALLS (expQsed to dirt) ^ 200 

WALLS (exposed to air) 1 J36 

WALLS (to unheated space) 0 

WALLS (Oth©f) 43f 

WINDOWS AND S.G. DOORS 400 

WINDOWS (other) 13 

FLOOR (crawl space) ^ 560 

FLOOR (unheated spaced ^ 644 

FLOOR (dirt) 2,592 

FLOOR (other) 0 

ADDITIONAL 0 



Analysis of your home construction details yierds a home heating load of 39.950 Btu 
degree=day 

m 

HOMF HFATiNCj LOAD USFD IN THIS FVALijATifiN 36 500 Bto deQree d^y 



ESTIMATFD YFARLV MFATlMG l(^A['^ I NC.; L I * f ) I N^' 5 H^'^^MF hFAT A^|r^ r^rV^lfSMr- 
WATFR 
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^. . PRESENT COST OF HEATING ENERGY: $0.02/NWh 

INSULATION JEVALUATION 

WINDOWS = Add storm windows to reiuce infiltration loases 

4 / -\ "%'^SAVINGS. Reduce heat load by 6 0erceht; 

: \ ■ :;/':^COST; 

' DOORS: ' ■ ^ Add storm, doors'tb re&lifce infiltration|1osses 

, ^ ^ -SA^Vif^GS Reduce heat josses by 7 percent 
COST; 



FLOORS None ' - * 

SAVINGS: / ■" 

COST ^ ^ 

CEILING ■ Fncrease insulation thickness from 6 inches to 9 inches 

SAVINGS Reduce heat load by 2 percent ' 

■ COST: 

.i ■ 

WALLS ^, .None - ^ ^ 

' SAVINGS 

... , . COST: " ' ' 

OTHiR: * Insulate exposed air ducts with 3.5 inches msylatlon 
..^j^^ SAVINGS 10 ^rcent 



-■ COST • ' - 

iNSL/LATlON IMPROVEMENT EFFECT ON PRESENT YEARLY HEATiNG LOAD 

. . — — — = 



YEARLY SAVINGS 

PRESENT HEAT IMPROVED HEAT IMPROVED HEATING USING PRESENT 

^Q^D LOAD COST ENERGY COSTS 



61J0Q kWh/yf 47 400 kWVh/yr - $949 OO/yr $251 OO/yr 



TOTAL COST OF INSULATION IMPROVEMENT RECOMMENDATIONS. 



SOLAfr^f*|E^?"ING|S^;^ ApLIED TO Y-OUR HO 
LOCATION OF THE "^SGL^^R xdLU^4w^^ 



ME 



LOCATION OF. TH 



T.OJRAGE TANK. 



OJ^ER CONSIDERATIONS 



The best OTd easiest" to^ ■install 
location for\he solar Gollectors 
would ^be ir^r^e: backyard. A 
diagram' of tfciir array, shown-, 
together wItH the, proposed syvim- . 
ming ^obl is Ihcluded in , this 
evaTuatfon. \ 

The heat storage tank would be^t 
be located infeide the structure 
which holds the solar collector 
array 

This evaluation will also consider 
the solar heating Impact on a 
proposed swimming pool. 
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RECOMMENDED SYSTEM #1 

0- COLLiCtOR AflEA: 800 square feet " 
ORIINTATION: See diagram ^ ^ ; 

, STORAGE TANK SIZi: 1200 gallons ': 

STORAGE TANK LOCATION: Backyard 



LOCATION: iackyarc 
TILT ANQLE: |^ dagreei 



MONTH 



System PerformanGe Details 



PRiSENT HOME 
HEAT LOAD/MO 
(Million Btu) 



HEAT SUPPLIED iY PERCENT 

RECOMMENDED SOLAR SOLAR 
HEATING SYSTEM HEAT 
(Million Btu/mo) ; 



' EXCESS HEAT 
. (FOR POOL) 
(Mrllion^ Btu/mo) 



JAN' 
FEB 
MAR 
APR 
■MAY 
JUN 
JUL 
AUG 
. SEP 
OCT" 
NOV 
DEC 



TOTAL 



40J 
35.0 
292 
153 
66 
n 7 
1 6 
T6 
.32 
12 8 
24 9 
38J 



8.2 

ITS 
12.3 
66 
17 
T6 
1 6 
3 2 
12 8 
10 6 
7 J 



211 1 



86 8 



20 
25.7 
39,3 
80J 
100 

1D0 
100 
100 
100 

42.5 
20 



7.7W 
136 
15.1 
163 
130 

2 j 



PRESENT YEARLY HEATING BILL SAVINGS FOR ABOVE SYSTEM USING PRESENt 

ENETOY-COST^ $488 00 ' " 

PROJECTED YEARLY HEATING COSTS WITH AND WITHOUT SOLAR HEAT 



Time 


PRESENT HOME 


PRESENT Ht5ME 


HROJECTED 




HEATING COSTS 
NO SOLAR HEAT 
S YR 


HEATING COSTS 
W'SOLAR HEAT 
S/YR 


YEARLY SAVINGS 


PRESENT 
IN 5 YEARS 
IN 10 YEARS 
IN 15 VEAHb 
ACCUMULATEO COSTS 


1.200 
1 532 
i 866 
7 198 


712 
910 
1.108 
1.305 


488 
62? 

893 


AND SAVINGS 


re 257 
1 — 


15J96 


^0 668 



ESTlMATED^ COST OF IN^T Al l ING ROL AR HE ATfNG SVgTFM 
NOTE This system would ta^P abouf 20 years to pav for itself 



$20 00''!' SiB.OOOOO' 



^ Th^nost of solar h^.trng 5v^tam nnly an ^Stimnte u.ed m fhi^'WHlum.on Although the e^t.mafe 
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RECOMMERPED SYSTEM #2 ^ ' 

COLjLECTOR AREA: 800 square feet 
ORIENTATION; see diagram ^ 
5Xbrti^(fi;S^NK SIZE: 1200 gallons ' 

Backyard 

Ert^TiONS; 



LOGATION: 
^TILT ANGLE: 



Backyard 
55 degrees 



~"-;,r'^^BTOR^^ LOCATrON' 

y}: /.otHtR'bqfjJSilE 

■ PERCSNt.OF .\1gA^flfu:^'HiATING BILL SUPPLIED BY AiOVE SOLAR HEATING 
SYStfeM: , S2;^^ercenr for Insulated home abovap based on 47,400 kWh/yr 



Assume home to be insulated to abovi 
recommendations. Homf heating load 
reduced to 47,400 ^MWh/yr. 



PROJEOiffiD YEARLV'^ffiATING COSTS FOR UPGRADED INSULATION 
. HaME:WITH AN 8D#-S0UARE FOOT SOLAR HEATING SYSTEM 



I. .■ 

Tim^ i 


pfesah| l^ajjiation 
nc^ solar 
$/yr 


Insulated home 
With solar heat 
$/yr 


Proiested 
yearly savings 
i/yr 






1:300 ' 


' * = -446. 


' 755 




In 5. ^^ars 


1.532 . 




983 










1.170' 




In 1t yiiirs 


'2.198 




M,378 ; 




costs anfe^y, . 










savmqt fw*^* 










1 5 years ' 


26 257 




J6 731 





iStjMATEO%QOST OF INSTALLING SOLAR HEATINC3 SYSTEM^ S20/ft' plus $|,tf0O 
for ihsulat)0rt*^%$1 8,000 ^ r^'h - r 

NOTf; This aystem Would pay for itself m about IfiVfafs " ' *^ ? 

'The cost of solar h^eatmg system is only, an es^^mat^ 'uSBd m thrs evaiuatp^n^^^h* 
estirnate should no! change by much, a firm fi'ke^ price ^^yld be quoted v^'ep 
" hepting installaTion contract \i negBfiated * ^1 . v/^' ^ V'-^,^: 



it 
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^ 
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So 
t «... i 

1 



if. V 

heat. l4g ; » . Ji > 

Bi electing ifj opim syst ni f^ir ^ ^ ii 

Me effects uf uil ( iimrgo^is ur Pie i . d i i art 

projectioii data Itu i U^U v*A^ t 1m; 1 Mi I lu 

estimates iuture energy cu&U '[ CuSiijHU, y J i >^ 

we have stated in this aJualiun liui.*usli mk {.vii^.tj. 
tnflatiuii rate of 7% 



^ »1 1 . , , . Ill 

li linilit. liiu ... I ii\ ti ..^/3,, 1. 1 .Mil I M ull ijU'.ii 







3i i . i 








■i . t ( 


....ill, 1 . ■ ,1 ! 




A,,i 


1 




.Ai I. ) 0 I ^ , . .i L I 






y 1 


V M ] , i, 1, .i» 1 I .^1 , ii , 


I. JhWi A K 1 1 !- t 


J. VI 1^ 








ill. ll. . 1. ha 1 . ii wv^; 


L t 1 . , 1. 1 L 1 






! > 


> .tii: . Jil J r . ..1 ; , li 1,^ 








, . . \ Lf lii .. I \ \ \ 


1 4= hi ...lal i ^ 


; I y pt. - J i 






i . . . i . li U 1, 


.1)1 1 . n, J. . i. .a 


a I.. I , 


, ; t4 1 1 « . 




3 . J ) ■■ i 1 1 . . lii 11 1 lA» p . I . L. 1 


1 . 1 M >1 li A > s 1 1 il :J 




t . ' 1 4 


a/,.. L 


^^ I i, n ni ii^i, .hatiw i • ^ 




li = . .1 . 


li ^ , , 


In. 1 i 


iJti 111 li 1.3 ;-V, ill a h>ll. 




i i.HJ li 11 


iu J . 






!l ...1 >M I,. 


i ■ 


^ ■ ? 1 1. 1 


: s;ari: !ii..ui..h bill ^ 


h ■ » r ' ' u , 11 1 . il U . . \ .. .1 




1 ^ ,au 


g 1 4.ql. 4 C^ill ^uL (ll i \i 


t 1 i 1 1 ^ IM' 1 1 t J / p t 






11, ih 


■ i N^tXi liigUai . i M a . i 111 


, 1.1 .J . ..j 


I , \ a h t.- 




.all fi 




. , h - ij a . 1; i b 




> . ■ L 4 


i ....... 
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